To quantitate a size distortion involving the side of space contralateral to the lesion (contralesional) in two right-brain-damaged patients. Methods: We studied two right-brain-damaged patients with lesions sparing the occipital lobe and a mild left neglect on target cancellation or line bisection. The lesions involved the temporoparietal region (Patient 1) and the basal ganglia and the insula (Patients 1 and 2). Patients were given drawing tasks and tasks requiring perceptual and visuomotor judgments of horizontal extent. Results: In drawing objects such as a daisy both from memory and by copying, patients exhibited a disproportionate enlargement of the left-hand side of objects and added more left-sided petals to the drawn daisy. This pathologic behavior persisted when the patients were blindfolded and was likely to reflect a perceptual, rather than premotor, size distortion. In a task requiring the perceptual matching of two rectangles, patients underestimated the left-sided stimulus. In a visuomotor task requiring the reproduction of the horizontal extent of a segment, patients exhibited a hyperextension, when a leftward movement was required. Conclusions: We showed a disordered representation of extrapersonal space, possibly involving a contralesional relaxation of the spatial medium. The deficit does not arise at the level of retinotopic coordinate frames and is independent of unilateral spatial neglect.
Lesions of the right cerebral hemisphere may affect drawing tasks. Some deficits are constructional, 1,2 , whereas others are closely associated with left unilateral spatial neglect. Right-brain-damaged patients with left neglect typically omit left-sided details in drawing from memory and in copying 3, 4 and may show graphic perseveration in cancellation tasks. 5, 6 This perseveration behavior in the side of space ipsilateral to the side of the lesion (ipsilesional) ranges from the repeated canceling out of targets to the addition of new targets and more complex and gratuitous graphic productions. Much less frequently, patients with left neglect exhibit a leftsided expansion of the drawing, contralateral to the side of the lesion (contralesional), when required to draw symmetric objects from memory. 7, 8 This leftward contralesional expansion of the left-hand side of symmetric drawings is somewhat paradoxical, associated with the omissions of left-sided contralesional details, committed by patients with left neglect in cancellation tasks. 3 Ipsilesional perseveration and contralesional expansion in drawing tasks may be considered productive manifestations of neglect, which are sometimes associated with the more frequent defective manifestations, such as left-sided omissions in drawing tasks. 4 Available evidence about the disproportionate expansion of the contralesional side of objects in drawing tasks is limited and concerns clinical observations in patients with left neglect 7 or corollary findings in studies assessing other aspects of the neglect syndrome. 8 One patient drew a daisy from memory with more and greater petals on the left side. 7 Another patient drew a clock with the leftsided hours displaced to the left, outside the clock face, occupying more space leftward. In this patient transcutaneous nervous electrical stimulation, which improved left neglect in other tasks, abolished the leftward expansion. 8 We report a quantitative investigation of the performance of two right-braindamaged patients with a disproportionate left-sided expansion in drawing tasks.
a severe left spastic hemiparesis and a severe left somatosensory deficit. The visual fields were normal, as assessed by Goldmann perimetry. Visual acuity was corrected to normal (10/10) with lenses for the two eyes. No auditory or visual extinction to double simultaneous stimulation was noted. The patient was aware of his motor and somatosensory deficits.
The patient scored normally on a line cancellation test, crossing out 40 of 40 lines, 9 and on a star cancellation test, scoring 53 of 54 targets, with one omission in the center of the display. 10 The patient showed no neglect on a drawing copy task. 11 In drawing from memory, however, the patient produced some putatively symmetric objects (a house, a fir tree, a Christmas fir tree, a butterfly, a daisy) disproportionately larger on the left side. This behavior was particularly evident in the case of the daisy.
Brain CT (figure 1), performed 18 months after stroke onset, showed an extensive single lesion in the vascular territory of the right middle cerebral artery. The lesion involved the temporoparietal region, the internal capsule, the head of the caudate nucleus, the putamen, the insula, and the corona radiata, particularly in the anterior part. Angiography showed a complete obstruction of the right middle cerebral artery, before its division into different branches.
Patient 2. A 45-year-old right-handed woman, with 16 years of schooling, who had been working as a bookkeeper and with no history of neurologic or psychiatric disorders, was admitted to a neurologic unit owing to the sudden onset of a left-sided motor weakness. A neurologic examination showed a left hemiplegia, a rightward deviation of the head and eyes, a moderate dysarthria, and denial of illness. In a few days, the patient's deficit rapidly recovered, with a neurologic exam showing a mild facial paresis and weakness of the left hand. A general apathy and emotional flattening and a reduced spontaneous utilization of the left limbs (motor neglect) were noted. 12 Three weeks after stroke onset, the patient showed a reduced dexterity in the left hand. No somatosensory and visual field deficits were present. No auditory, visual, or somatosensory extinction was found. The patient showed a mild left unilateral neglect in a letter cancellation task, 13 omitting four targets in the far left-hand side of the display and no right-sided targets. No evidence of neglect was found in a line cancellation task, 9 in a bell cancellation task, 14 , in copying the Rey figure, 15 in a drawing copy task, 11 and in a representational task (map of France). 16 In drawing from memory, it was noted that the patient produced some putatively symmetric objects (a star, a heart, a butterfly) larger on the left side.
MRI exam (figure 2), performed 3 months post onset, showed a deep lesion involving the head of the caudate nucleus, the putamen, the insula, the internal capsule, and the frontoparietal paraventricular white matter.
Both patients gave their informed consent prior to the study. Results. Line bisection. The test devised by Schenkenberg et al. 17 was used. The stimuli included 18 lines. Eighteen lines were organized in three sets of six lines, so that one set lay primarily on the left side of the page, one in the center, and one on the right side. Each set contained lines of 100, 120, 140, 160, 180, and 200 mm. The lines were organized so that the test was balanced with regard to line length from top to bottom. Two 150-mm lines, placed at the top and bottom (center), were used in communicating instructions to the subject and were not included in data analysis. Subjects received instructions to mark the center of each line with a soft pen, without skipping any. Patients and control subjects used the right hand, namely, the hand ipsilateral to the side of the lesion in the two braindamaged patients. The length of the left side of the line (i.e., from the left end of the line to the subject's mark) was measured to the nearest millimeter. That measurement was converted to a standardized score (percentage deviation), using the following formula: measured left half Ϫ objective half/objective half ϫ 100. This transformation yields positive numbers for marks placed to the right of the center and negative numbers for marks placed to the left of the center.
Patient 1 showed a ϩ4.0% deviation and Patient 2 a Ϫ2.0% deviation. The average percentage deviation of control subjects was -0.7 (SD Ϯ2.46, range Ϫ4.3 to ϩ2.9). The patients' performances were compared with the control data by t tests, 18, 19 looking for a rightward bias in bisection, associated with the right-hemispheric lesion. A trend toward significance (t ϭ 1.773, one-tailed p ϭ 0. Drawing from memory. Subjects were required to draw from memory a daisy, on a 21 ϫ 29.7-cm sheet of paper, placed in front of them, with the center of the sheet aligned with the midsagittal plane of the patients' body. No model was provided, and no further specific instructions were given. To measure the area and the number of petals of the left and of the right sides, each drawn daisy was divided into two sides by a vertical line passing through the center of its pistil. Petals divided into approximately equal parts by the vertical line were not considered in counting the number of drawn petals. Occasionally, patients added leaves, which were not considered for the analyses. The areas of the two sides of the drawing were computed by a Leica imaging system and a Quantimet 500 software. For the left-and right-sided areas of each drawing, a laterality index (LI) score was computed: (left-sided area Ϫ right-sided area/left-sided area ϩ right-sided area) ϫ 100. A positive value of this LI indicates a greater left-sided area and a negative LI a greater right-sided area. A similar LI was computed for the number of petals (PLI). Each patient was required to draw six daisies, as well as the control subjects. The two patients showed no difficulties in executing the task and drew the pistil and the right-sided petals first. Control subjects, too, drew the pistil first, but did not show any definite pattern as to the petals.
The role of input (perceptual) vs output (premotor) factors in bringing about the pathologic enlargement of the left side of drawings was assessed by the epidiascope method. 20 This procedure, originally devised to tease apart these component factors in patients with unilateral spatial neglect, 21 decouples the direction of the hand movement from the subject's visual control of the display. Patients with a perceptual disorder would show a left-sided deficit (omissions in a cancellation task, a disproportionate enlargement of the left-hand side of the drawing in the current investigation) with reference to their field of vision (normal vs mirror-reversed), independent of the direction of the movement of the arm and hand. Patients with a premotor disorder would exhibit a left-sided deficit, with reference to the midsagittal plane of the body, independent of the normal or mirror-reversed field of vision.
In Patient 1 the role of visual control was assessed by a blindfold condition (three trials were given). In this study, control data were collected from six neurologically unimpaired subjects (three men and three women; mean age 54.5 years, range 30 to 81 years), with three subjects being different from those participating in the other experiments. Each control subject was given six trials. Figure 3A shows examples of drawing from memory by the two patients. Figure 4 shows the patients' mean LI and PLI scores. The positive mean LIs of both patients, well outside the range of control subjects, indicate that they drew the left-hand side of the daisy larger than the righthand side. Control subjects, by contrast, drew a smaller left-hand side of the daisy, different from zero (mean LI: Ϫ4.87, SD Ϯ 1.34, t 5 ϭ Ϫ8.88, p Ͻ 0.001). The patients' scores were compared with the control data by t tests. 18, 19 For the LI score, differences were found for both Patient 1 (t ϭ 22.71, p Ͻ 0.001), and Patient 2 (t ϭ 9.24, p Ͻ 0.001). All daisy drawings by Patient 1 had a positive LI score (range ϩ16.77 to ϩ44.18). In Patient 2, all drawn daisies but one item had a positive LI score (range Ϫ13.28 to ϩ35.10). In sum, in patients, 11 of 12 (91.6%) drawn daisies had a positive LI score; in the six control subjects, only 6 of 36 (16.6%) drawn daisies scored positively ( 2 Yates corrected ϭ 18.98, df ϭ 1, p Ͻ 0.0001).
On average, both patients drew more petals on the left side. The PLI of Patient 1 was outside the controls' range; the PLI score of Patient 2 was just within the positive limit of the controls' range. The patients' PLI scores were compared with the control data. 18, 19 A trend toward significance (t ϭ 2.41, p ϭ 0.067) was found for Patient 1 and not for Patient 2 (t ϭ 1.42; NS). In control subjects, the negative PLI score, indicating less left-sided drawn petals, did not differ from zero (mean PLI: Ϫ2.39, SD Ϯ 4.03, t 5 ϭ Ϫ1.45, NS).
In the epidiascope condition, both patients drew a larger left-hand side of the daisy, with reference to their In the blindfold condition, without visual control, Patient 1 drew a left-hand side of the daisy much larger than the right-hand side, on all three trials: The LI score was ϩ56.0 (range ϩ32.3 to ϩ79.2). The average LI score of six control subjects was Ϫ8.72 (SD Ϯ 4.71; range Ϫ2.66 to Ϫ14.85). The LI score of the patient was compared with the control data by a t test, 18, 19 showing a difference (t ϭ 12,72, p Ͻ 0.001). The PLI score was ϩ40.0 (ϩ14.2 to ϩ53.8). The average PLI score of six control subjects was Ϫ8.19 (SD Ϯ 3.62, range Ϫ4.32 to Ϫ14.10). A t test comparing the PLI score of the patient with the control data 18, 19 showed a difference (t ϭ 12.32, p Ͻ 0.001).
Patients showed a similar left-hand-side enlargement with other drawings from memory: a church (LI ϭ ϩ25.0) (figure 3B), a face (LI ϭ ϩ11.8), an apple tree (LI ϭ ϩ3.3), and a tree (LI ϭ 7.4) for Patient 1; a butterfly (LI ϭ ϩ15) and a tree (LI ϭ ϩ42) for Patient 2.
Copying. This test differed from the previous one in that a symmetric daisy model was provided. The model was printed in the center of a 21 ϫ 29.7-cm sheet. Six trials were given. The data were analyzed as in the drawing from memory study. The same subjects who took part in the previous experiment provided control data. Patient 2 was not available for testing. Figure 3C shows an example of copy drawing by Patient 1. Figure 5 shows the LI and PLI scores that were outside the controls' range. The patient drew a larger left-hand side of the model and more left-hand petals. The patient's performances were compared with the control data by t tests. 18, 19 A difference was found for the LI score (t ϭ 8.911, p Ͻ 0.001) and not for the PLI score (t ϭ 1.351, NS). Control subjects drew a smaller left-hand side of the daisy (mean (LI: Ϫ4.18, SD Ϯ 2.72), different from zero (t 5 ϭ Ϫ3.76, p ϭ 0.013). The PLI score (mean PLI: Ϫ4.41, SD Ϯ 8.15) did not differ from zero (t 5 ϭ Ϫ1.32, NS). In the patient, 5 of 6 LI (range Ϫ9.12 to ϩ41.47) scores (83%) were positive, whereas in control subjects, the positive scores were 11 of 36 (30.5%) ( 2 Yates corrected ϭ 4.04, df ϭ 1, p Ͻ 0.05).
Patients showed a similar left-hand-side enlargement with other drawings by copy: a tree (LI ϭ ϩ7.4) for Patient 1 and a butterfly (LI ϭ ϩ10.8) and a tree (LI ϭ ϩ39.5) for Patient 2.
Perceptual matching task. The stimuli were pairs of black rectangles 15 mm high, with a 6-cm empty space between them. Twenty-five pairs of rectangles were presented in a pseudorandom series to measure the point of subjective equality between patterns placed in the left and right visual half-spaces. The distance between the right side of the left-sided rectangle and the left side of the right-sided rectangle was 8 cm. The center of this distance was aligned with the midsagittal plane of the subjects' body. In each pair, the length of one rectangle was fixed (8 cm) , and the length of the other varied from 6.4 to 9.6 cm, in four 8-mm steps. In five trials, the two rectangles were equal in length (8 cm). In 10 trials, the right-sided rectangle was longer than the left-sided segment, and in 10 trials vice versa. The subject's task on each trial was to report verbally which was the longer out of the two rectangles. Each error on a given trial was scored a value of n Ϯ 1, where n was the number of steps by which the patterns' lengths differed on that trial. Rightward errors (i.e., the right-sided rectangle judged as longer, when the left-sided rectangle was longer) were given a positive score. Leftward errors (i.e., the left-sided rectangle judged as longer, when the right-sided rectangle was longer) were given a negative score. With use of this scoring method, 22 an identical pair of stimuli (n ϭ 0) yielded a score of either ϩ1 (rightward error) or -1 (leftward error). The larger was the difference in length between the two rectangles, the greater the error score.
Patient 1 scored ϩ1.31, and Patient 2 scored ϩ1.19. The mean score of the control group was ϩ0.905 (SD Ϯ0.11, ϩ0.81 to ϩ1.07). The patients' scores were outside the controls' range, suggesting a relative perceptual underestimation of the lateral extent of the left-sided rectangle compared with the right-sided rectangle. The patients' performances were compared against the control data by t tests. 18, 19 A difference was found for Patient 1 (t ϭ 3.41, p ϭ 0.019). The difference approached the 0.05 level for Patient 2 (t ϭ 2.40, p ϭ 0.067).
Line extension task. The subject's task was to reproduce the length of a horizontal line in two conditions. In the rightward movement condition, the right end of the line was aligned with the midsagittal plane of the body, and the patient reproduced the perceived length of the segment with a rightward extension. In the leftward movement condition, the left end of the line was aligned with the midsagittal plane of the body, and the patient made a leftward extension. The stimuli were horizontal black lines, 1 mm in width, with three line lengths (4, 6, and 8 cm). In each movement condition, in Patient 1, 18 lines were presented, 6 per each length, in a random fixed order. In Patient 2, 24 lines were presented. The length of the segment drawn by each subject on each trial was measured to the nearest millimeter. For the leftward extension of each line drawing, an LI score was computed: leftward extended length Ϫ length of the right-sided line/leftward extended length ϩ length of the right-sided line ϫ 100. For the rightward extension of each line drawing, the LI was as follows: rightward extended length Ϫ length of the leftsided line/rightward extended length ϩ length of the leftsided line ϫ 100. A positive value of this LI indicates overextension and a negative value hypoextension. The mean LIs were calculated for the two directions of extension (rightward vs leftward) and for the three line lengths (4, 6, and 8 cm). Figure 6 shows the average LIs of the two patients and of the six control subjects. Both patients showed a leftward overextension. Patient 1 had a preserved performance in the rightward extension condition, and Patient 2 showed a rightward hypoextension. Control subjects showed no major left-right differences and, if anything, some rightward greater extension. The patients' performances were analyzed by two Kruskal-Wallis one-way analyses of variance by ranks. In Patient 1, a difference among conditions was found (KW 5 ϭ 16.21, p ϭ 0.063). Multiple comparisons showed differences for all leftward vs rightward extensions, for leftward 8 vs 6 cm, and 8 vs 4 cm extensions, and for rightward 8 vs 6 cm extensions (p Ͻ 0.05). The differences between leftward 6 vs 4 cm extensions, rightward 8 vs 4 cm and 6 vs 4 cm extensions were not significant.
In Patient 2, a difference among conditions was found (KW 5 ϭ 28.59, p Ͻ 0.0001). Multiple comparisons showed differences for all leftward vs rightward extensions and for both leftward and rightward 8 vs 6 cm and 8 vs 4 cm extensions (p Ͻ 0.05). The differences for leftward and rightward 6 vs 4 cm extensions were not significant.
In neurologically unimpaired control participants, a Friedman two-way analysis of variance by ranks showed no differences between the six conditions ( 2 5 ϭ 2.70, NS). Finally, to further assess whether the performances of the two patients differed from those of control subjects, the overall LIs were computed. In Patient 1, the LIs were ϩ9.4 for leftward extension and ϩ1.02 for rightward extension. In Patient #2, the LIs were ϩ7.9 and Ϫ4.97. In the control group, the mean LI was ϩ0.08 (SD Ϯ 2.4) for leftward extension and ϩ1.9 (SD Ϯ 1.9) for rightward extension. The performance of both patients showed leftward overextension. In rightward extension, the performance of Patient 1 was within the normal range, whereas Patient 2 exhibited hypoextension. The patients' performances were compared with the control data by t tests. Discussion. Two right-brain-damaged patients showed a systematic enlargement of the left-hand side of objects drawn from memory and by copying (Patient 1). This left-sided distortion of size in drawing tasks was influenced neither by the direction of the movement of the hand nor by visual control (Patient 1). Accordingly, the size distortion does not reflect a disorder of motor programming and action execution in the left side of space, as it takes place in the left field of vision, independent of the direction of the movement of the upper limb and the hand, manipulated through a mirror-reversed vision of action (Patients 1 and 2) . Second, in Patient 1, the deficit was not confined to drawing objects under visual control, extending instead to internally generated (possibly visual and proprioceptive) representations.
This pathologic expansion of the left side of objects in drawing resembles some aspects of a rare disorder of visual perception, termed "hemimicropsia," characterized by a reduction of the perceived size of objects in one visual half-field. 23, 24 Patients with hemimicropsia typically see objects in the contralesional hemifield smaller in size compared with objects in the ipsilesional hemifield. Hemimicropsic patients also tend to compensate for the deficit: They draw the contralesional side of objects larger than the ipsilesional side and correct symmetric patterns, making the contralesional side larger. In a size comparison task, these patients underestimate the size of the contralesional object. Hemimicropsia is considered a disorder of size perception arising in the visual fields, in retinotopic reference frames. In line with this view, the responsible lesion most frequently involves the visual association cortex (Brodmann areas 18 and 19). [23] [24] [25] Contralesional hemimicropsia is usually not associated with unilateral spatial neglect. 23, 24 In one study 23 2 days after onset, Patient 1 showed a mild left neglect (not documented psychometrically), which had probably receded 1 week later, when left hemimicropsia was assessed.
The performance of the current patients differs in important respects from the pattern of hemimicropsia. First, the size distortion is still present without visual control (Patient 1). This indicates that the deficit extends to internally generated visual images and is not confined to the visual perception of objects. Hemimicropsic Patient PS 24 was not tested without visual control, but "on specific questioning she did not refer to distorted size during dreaming or when she imagined objects with eyes closed." Second, both patients, in addition to drawing objects larger on the left-hand side, add left-sided material, such as petals in daisy drawing; the effect is more pronounced in Patient 1. Third, both patients reported here are entirely unaware of their deficit in drawing, like patients with unilateral spatial neglect. 26 By contrast, patients with hemimicropsia are typically aware of the deficit in size perception, reporting that objects in the contralateral hemifield appear "smaller," or "somewhat shrunken and compressed," 23 or that "everything on the left side appeared distorted in its size." 24 In the current patients, the distortion observed in the drawing and size comparison tasks cannot be explained in terms of a general unilateral spatial neglect for the left side of space. 3, 27 In the reported patients, evidence of a mild left spatial neglect was found. Patient 1 showed a small rightward error in line bisection, but no neglect in cancellation and drawing tasks; Patient 2 omitted a few letters in a cancellation task in the far left side, but showed no neglect on line bisection. Patients with left neglect may be selectively impaired in target cancellation and line bisection, suggesting that these tasks assess different components of the neglect syndrome. 28, 29 The current finding that the size distortion deficit was associated with a mild impairment, in different patients, in only one of these two tasks, suggests that neglect and the size distortion reported here are independent, though co-occurring, spatial disorders. Furthermore, in the main tasks that revealed size distortion, namely, drawing from memory and by copy, both patients showed, if anything, an increase of drawing activity in the contralesional side, as indexed by the number of drawn petals. By contrast, in drawing tasks, right-brain-damaged patients with left neglect typically omit left-sided details. 3, 27 This dissociation between neglect and size distortion suggests that the spatial processes involved may differ in important respects. Cancellation tasks typically require a step-by-step exploratory activity, which is unlikely to be affected by a deficit primarily concerning the represented size of objects. Line bisection does not involve the reproduction by drawing of the bidimensional sizes of the two sides of a supposedly symmetric object (e.g., as in copying, or drawing by memory, a daisy) or of the length of a segment, as in the line extension task. Also, bisection does not require the explicit comparison of the sizes of two objects, as in the perceptual matching task.
A further difference between unilateral spatial neglect and the current size distortion concerns perseveration behavior. Some right-brain-damaged patients, particularly when the lesion involves the frontal and subcortical regions, may show perseveration in cancellation tasks, repeatedly crossing out targets and adding irrelevant details and even complex drawings. Perseveration in patients with left neglect, however, occurs in the ipsilesional side of the sheet, namely, in the not (or less) neglected portion of space, where the preserved exploration takes place. 5, 6, 30 These lateralized pathologic behaviors associated with left neglect clearly differ from the pattern observed in the current patients, particularly Patient 1, who not only do not show any evidence of omissions in drawing tasks but also add left-sided details (petals to the daisy), exhibiting, if anything, some sort of perseveration behavior in the contralesional side of space.
It could be also possible that the patients' behavior (drawing a larger left-hand side of objects, leftward overextension) reflects a compensatory disproportionate attention toward the contralesional side, during recovery from left spatial neglect. In the two patients, however, left neglect was mild and inconsistent across tasks. Furthermore, a compensatory behavior does not explain the underestimation of the size of left-sided objects.
The leftward contralesional expansion in drawing by copy and from memory bears some resemblance to the leftward biases in bisection performance, induced in patients with right neglect by optical illusions that displace the stimulus leftwards, such as the Judd figure with fins pointing rightward, 31 or expand the left side of the stimulus, such as the Brentano figure with left-sided outward-projecting fins 32 and the right-pointing triangle illusion 33 . These data are consistent with the view that the pathologic mechanism bringing about the leftward expansion in drawing tasks found in the current two patients may involve a leftward enlargement or displacement. This, however, concerns the spatial medium, and not the perceived stimulus, as for visual illusion of length and displacement. In the drawing from memory task, where no physical stimulus is present, the patients' drawings are larger on the left side. In the extension task, patients show a leftward overextension, toward an empty space, of a line presented to the right of the midsagittal plane. Furthermore, the hypothesis of a spatial medium pathologically expanded leftward predicts that left-sided stimuli are perceived as smaller than right-sided stimuli. Both patients underestimate the length of the left-sided rectangle in the perceptual matching task. By contrast, a leftward expansion of the stimulus, such as that brought about by the Brentano figure with a left-sided outward-projecting fin, makes its left side illusorily longer. 34 In right-brain-damaged patients with left neglect, [31] [32] [33] and particularly in patients without left half-visual field deficits, 35 the illusory leftward expansion or displacement of the stimulus reduces the rightward bias of neglect in line bisection. Conversely, a spatial medium pathologically expanded leftward would make left-sided stimuli, or the left part of a single stimulus such a line, shorter, increasing, if anything, the rightward bias in line bisection. 36 The very mild, and inconsistent across tasks, evidence of left spatial neglect found in the two patients suggests, however, that the leftward relaxation of the spatial medium and the rightward bias of left unilateral spatial neglect are largely independent pathologic phenomena.
In sum, the disproportionate enlargement of the left side of objects may be interpreted in terms of a horizontal anisometry of the medium for the representation of spatial relationships that was originally suggested to account for the paradoxical behavior of some right-brain-damaged patients with left neglect, who exhibit hyperextension when required to reproduce the perceived extent of a horizontal segment in a leftward direction. 36, 37 The hypothesis of a leftward relaxation of the medium predicts a left overextension in line extension tasks: The left side of the line would be perceived as shorter, being mapped onto a medium disproportionately relaxed leftward, and leftward movements would be then overextended. 36 Not all patients with left unilateral spatial neglect show contralesional hyperextension, however, and the suggestion has been made that left hemianopia may be a relevant factor. 38 In the current patients, by contrast, no visual field deficits were present, suggesting that contralesional hyperextension may be largely independent of both unilateral spatial neglect and visual field deficits. A leftward expansion of spatial representations may also bring about the pathologic leftward compensatory extension in drawing documented in this study: Left-sided objects (or the left half of symmetric objects) would be perceived as smaller compared with right-sided objects (or the right half of symmetric objects), being mapped onto a spatial medium expanded leftward. It may be finally noted that in the church drawn by Patient 1, the left-hand side of the windows, particularly the shutters, appear larger ( figure 3B) . Also, the left-hand side of the leaf located to the right of the daisy is greater than the right-hand side ( figure 3A) . These qualitative observations suggest that drawing may be modulated by the intrinsic characteristics of the object. 39, 40 The collateral finding that control subjects, both in copying and in drawing from memory tasks, draw the right-hand side of the daisy slightly larger may be seen, similar to the leftward error in line bisection, as a manifestation of pseudoneglect. 41 The representation of the left-hand side of the daisy is larger in size, presumably owing to a physiologic leftward attentional bias, and this may result in a compensatory rightward expansion of the drawing.
Finally, the adding of left-sided petals, particularly by Patient 1, may be interpreted as perseveration or, more generally, as a case of productive behavior in a unilaterally disordered spatial medium. This would take place in the contralesional side of space, owing to the pathologic expansion of the medium in that direction, under relatively unconstrained conditions, such as drawing, that may release these productions. Studies in right-braindamaged patients with ipsilesional perseveration associated with left spatial neglect 5, 6, 42 suggest that damage to the frontal regions and anterior subcortical structures (caudate nucleus, putamen, frontal white matter) represent a possible neuropathologic counterpart to this productive, rather than defective, behavior, that may be conceived as an uncontrolled release of complex motor activities, such as drawing, in a disordered sector of space. The head of the caudate nucleus and the putamen are damaged in both patients, as well as the insular region. Right-braindamaged patients with lesions including 42 or restricted 43 to the insula may show productive impairments such as left somatoparaphrenia, 42, 43 ipsilesional perseveration, and other complex gratuitous productions in cancellation tasks. 42 In sum, productive behaviors of right-brain-damaged patients in drawing tasks occur more frequently ipsilesionally 5, 6, 30 , as contralesional left spatial neglect may be also present. However, perseveration may be found also contralesionally, as in the current patients, who show minimal evidence of neglect, inconsistent across tasks, and are able to fully explore the whole of extrapersonal space.
In 1905 Bonnier 44 reported that patients with peripheral vestibular disease may subjectively feel that their body, or parts of it, are disproportionately enlarged and interpreted this disorder as a pathologic expansion of the spatial representation of the body or of body parts (hyperschematia). This is probably the first report of a pathologic expansion of spatial representations, resulting in a disordered phenomenal experience of the size of the body or of body parts. 45 In right-brain-damaged Patients 1 and 2, the leftward expansion or relaxation concerns the medium for extrapersonal space, rather than the body. This disproportionately reduces the perceived size of contralesional objects, yielding a pathologic symptom complex that includes the disproportionate expansion of the left side of objects in drawing tasks, a leftward overextension in matching tasks with a left-ward movement, and the underestimation of the lateral extension of left-sided objects in perceptual matching tasks. Perseveration behavior may be an additional component factor. In the two reported patients, the deficit, which may be termed contralateral hyperschematia for extrapersonal space, was associated with damage to the right hemisphere. This lateralization of the lesion, similar to the syndrome of spatial unilateral neglect, 3, 36 further supports a spatial nature of the disorder.
